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(71) We, BRITISH INSULATED 
CALLENDER'S CABLES LIMITED, of 21 
Bloomsbury Street, London W.C.I, and 
BRITISH INSULATED CALLENDER'S 
5 CONSTRUCTION COMPANY LIMITED 
of 7 Mayday Road, Thornton Heath, Surrey 
CR4 7XA, both British Companies, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
10 by which it is to be performed, to be parti- 
cularly described in and by the following 
statement : — 

This invention relates to electric insulators 
and more particularly to insulators which are 
15 suitable for use as insulating runners forming 
the whole or part of a section insulator in the 
overhead conductor of an electric traction 
system. It also relates to systems in which 
they are used. In a high-speed system, it is 
20 desirable for the mechanical properties 
(especially the mass per unit length, the dis- 
placement of the flexural neutral axis from 
the running surface, and the flexural modulus) 
to be as nearly as possible identical with those 
25 of the adjacent conductors. 

A major advance in this direction was made 
by the introduction of the insulating runner 
in accordance with Patent No. 983526, which 
can be inserted directly in the overhead con- 
30 tact wire and across which the pantograph or 
other current collector may run. In the form 
mainly used, that runner includes a rod of 
resin-bonded glass fibre with metallic end 
fittings compression jointed to it; to avoid 
35 " tracking " when exposed to atmospheric 
contamination the part of the rod between the 
end fittings is enclosed in a watertight covering 
built up of short tubular ceramic (or vitreous) 
bodies threaded on the rod and spaced from 
40 one another by resilient washers. The major 
part of each tubular body constitutes a portion 
of the effective running surface, but the ends 
of each tubular body are tapered to avoid pre- 
senting a sharp corner on which the current 
45 collector might strike. 

It will be appreciated that this form of 
waterproof covering limits the flexibility of 
the runner and fixes its neutral axis substan- 



tially at its geometrical axis, and that its 
effectiveness depends upon the integrity of the 50 
seal formed between adjacent tubular bodies 
by the washers. 

The present invention is based upon the dis- 
covery of certain synthetic resin compositions 
that have a sufficiently good combination of 55 
resistance to tracking and to abrasion to allow 
the elimination of the ceramic or vitreous 
bodies. 

In accordance with the invention, an elec- 
tric insulator comprises an elongate body of 60 
synthetic resin, reinforced with glass fibres 
or other fibres of high tensile strength, having 
substantially the whole of its exposed surface 
formed of one or more than one composition 
based on a cydoaliphatic resin cured with an 65 
acidic curing agent and having at least one 
area of the exposed resin surface (which area 
is hereinafter called the running surface) that 
is longitudinally continuous over at least a 
major portion of the length of the body formed 70 
by a composition comprising the cured reac- 
tion product of 100 parts of a cydoaliphatic 
epoxy resin, 40—250 parts of an acidic 
hardener therefor and an effective amount of 
an accelerator and, dispersed in the said reac- 75 
tion product 50 — 400 parts of a mineral filler 
substantially wholly in the form of particles 
not greater in any dimension than 80 micro- 
meters and 10—100 parts of a low-friction 
fluorocarbon polymer. (All parts herein are by 80 
weight). 

Preferably the synthetic resin body is rein- 
forced by a preformed resin-bonded glass 
fibre rod, or if desired more than one such rod, 
and metallic end-fittings can be secured to the 85 
ends of this rod or rods. Provided that the or 
each rod is substantially completely enclosed, 
bonding resins that are not resistant to track- 
ing can be used. 

Preferably substantially the whole of the 90 
resin body except for the resin-bonded glass 
fibre rod or other fibrous reinforcement has 
the composition specified for the running sur- 
face and preferably the resin body is directly 
vacuum-cast upon the resin-bonded glass fibre 95 
rod or other reinforcement; however, there is 
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a tendency in casting such resin compositions 
to form a thin surface layer that is 'resin- 
rich * that is deficient in dispersed particles : 
this layer must be removed from the running 

5 surface (preferably by abrasion) to obtain the 
benefits of the invention, but it can be left on 
other parts of the surface. Metallic end-fittings 
are preferably secured to the insulator after 
the casting step, but where a preformed resin- 

10 bonded fibre rod is used they may alternatively 
be fixed to that rod in a preliminary step. To 
avoid local over-stressing of the cast resin 
body, it may be necessary to provide an 
elastomeric material between the end-fittings 

15 and the cast resin. 

By an "acidic hardener" is meant a 
hardener that is either a dicarboxylic or poly- 
carboxylic acid or an anhydride of such an 
acid. 

20 It has been found that it is often beneficial 
to include in the hardener at least a small 
proportion, say about 5 parts per hundred 
parts of the epoxy resin, of an anhydride of an 
acid having a functionality of at least three, 

25 for example polyazelaic polyanhydride or the 
Diels-Alder adducts of formula 



C00R 




where R is H or methyl, m is 6 or 7 and n is 
5 or 6. This appears to facilitate the forma- 

30 tion of a stable dispersion that does not settle 
out or flocculate during curing. 

The accelerator used may be of the amine 
type or the polyol type but stannous octoate is 
preferred. The quantity of accelerator needed 

35 naturally varies with the specific accelerator 
used but ordinarily it will be in the range 
0.05 — 1 part per hundred parts of the cyclo- 
aliphatic epoxy resin. 

The particle size of the filler is preferably 

40 not greater than 50 micrometers and more 
especially it is preferred that a fairly wide 
range of particle sizes should be present with 
a maximum of about 50 micrometers and a 
high proportion much smaller. The type of 

45 mineral filler that should be used depends upon 
the relative importance of abrasion resistance 
and tracking properties (which itself depends 
on atmospheric conditions) but in general it 
is very desirable that the hardness of the filler 

50 should be approximately equal to that of the 
collector contact material to be used in the 
system. 

Preferably the hardnesses of the two 
materials should not differ by more than 3 
55 on Moh's hardness scale, for example if 
carbon pick-up shoes having a hardness of 



around 4.8 are used the filler should have a 
hardness in the approximate range 1.8—7.8. 
Examples of suitable fillers include quartz 
flour or other silica flour (up to 7.0) calcite 60 
(3) Gibbsite, Al 2 O a — 3H.O (2.5—3.5), harder 
grades of Bauxite (up to 3), insulating grade 
clays (2 — 2.5) and Periclase, MgO (5.5—6). 
If the filler is too hard there is a danger of 
building up a coating of carbon or other pick- 65 
up material on the running surface. 

The low-friction fluorocarbon polymer is 
preferably polytetrafluoroethylene (PTFE), 
and a fine dispersion grade is especially pre- 
ferred. 70 

A preferred composition for the resin com- 
position forming the exposed surface of a 
section insulator for use in a system having 
carbon pick-up shoes comprises: 100 parts of 
the cycloaliphatic resin sold under the 75 
designation ERL-4289 (which is manufac- 
tured by Union Carbide Corpn. and is sold in 
the United Kingdom by Bakelite Xylonite 
Ltd.) which has die formula 

35 parts of hexahydrophthalic anhydride, 
-5. parts of a mixture of the Diels-Alder adducts 

referred to above (in which R is H), 
i part of stannous octoate, 

100 parts of silica flour having the particle 85 
size distribution indicated above, and 

5 parts of the dispersion grade PTFE powder 
sold under the trade mark " Teflon " as 
Teflon Te 701 N. 

The invention will be further described, by 90 
way of example, with reference to the accom- 
panying drawings wherein: 

Figure 1 is a partly-sectioned side elevation 
of one type of section insulator in accordance 
with the invention; 95 

Figures 2 and 3 are alternative cross-sections 
on die line II — II in Figure 1; 

Figures 4 and 5 are cross-sections, similar 
to Figures 2 and 3, showing modifications; 

Figure 6 is a side elevation of another type 100 
of section-insulator in accordance with the 
invention; and 

Figures 7, 8 and 9 are alternative cross- 
sections on the line VII — VII in Figure 6. 

The insulators illustrated by Figures 1 — 3 105 
comprise a resin-bonded glass fibre rod 1 a 
central part of which, constituting the major 
part of its length, is embedded in a body 2 
vacuum-cast from the preferred composition 
specified above. Metal end-fittings 3 are com- 110 
pression-jointed to the ends of the rod 1 and 
are slightly spaced from the ends of the resin 
body 2 to leave a gap which is filled with a 
silicone rubber composition 4. For a typical 
section-insulator a gap of about 1.5 mm has 115 
been found sufficient to substantially eliminate 
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the risk of cracks developing at the ends of the 
resin body 2 when the insulator is flexed in 
service. 

The simple circular-cross-section shown in 
5 Figure 2 is easier and cheaper to manufacture 
than the alternative shown in Figure 3, but the 
latter gives the insulator a longer service life 
owing to the greater area of the running sur- 
face. 

10 Resin-bonded glass-fibre rods of small 
diameter tend to be very flexible, and this can 
cause difficulties in moulding a thin shell to 
surround a considerable length of such a rod. 
This difficulty can be reduced to some extent 

15 by gluing to the rod a web 5 of resin-bonded 
fibre glass as shown in figure 4. This also 
makes it easier to form an insulator with 
flexural characteristics similar to those of the 
contact-wire in which it is to be inserted. The 

20 web 5 may be terminated just short of the 
end-fittings. 

Figure 5 shows a further modification in 
which the resin body 2 is formed in two parts 
6, 7. This permits the reinforcing rod 1 (and 

25 web 5) to be positively supported throughout 
casting and has the additional advantage that 
the upper .part 7 of the cast resin body may 
be formed of a conventional tracking-resistant 
cycioaliphatic resin composition, so reducing 

30 the quantity of the more expensive fillers 
required. Preferably the lower part 6, which 
constitutes the running surface and will 
generally be harder than the upper part 7, is 
cast first. 

35 In the alternative construction illustrated 
by Figures 6 — 9 the resin-bonded glass fibre 
rod (1) is replaced by a bar 8 having holes 
9 to receive rivets, pins etc., to secure end- 
fittings 10 (shown in dotted lines) with or 

40 without the use of glue. The holes 9 should be 
placed with their axes in the plane containing 
the flexural neutral axis of the insulator. The 
bar may be waisted as shown at 11 so that the 
resin body 2 may be cast about it to form a 

45 smooth running surface. Again silicon rubber 
or other elastomeric material 4 is inserted 
between the cast resin body and the metallic 
fittings to avoid the risk of cracking. 

Figure 7 shows a simple rectangular cross- 

50 section, and Figures 8 and 9 show alternative 
ways of increasing the area of the running sur- 
face. 



WHAT WE CLAIM IS: — 

1. An electric insulator comprising an elon- 

55 gate body of synthetic resin, reinforced with 
glass fibres or other fibres of high tensile 
strength, having substantially the whole of its 
exposed surface formed of one or more than 
one composition based on a cycioaliphatic 

60 resin cured with an acidic curing agent and 
having at least one area of the exposed resin 
surface that is longitudinally continuous over 
at least a major portion of the length of the 



body formed by a composition comprising 
the cured reaction product of 100 parts of a 65 
cycioaliphatic epoxy resin, 40 — 250 parts of 
an acidic hardener therefor and an effective 
amount of an accelerator and, dispersed in the 
said reaction product 50 — 400 parts of a 
mineral filler substantially wholly in the form 70 
of particles not greater in any dimension than 
80 micrometers and 10 — 100 parts of a low- 
friction fluorocarbon polymer. 

2. An electric insulator comprising an 
elongate body of synthetic Tesin, reinforced 75 
with glass fibres or other fibres of high tensile 
strength, having substantially the whole of its 
exposed surface formed of one or more than 
one composition based on a cycioaliphatic 
resin cured with an acidic curing agent and 80 
having at least one area of the exposed resin 
surface that is longitudinally continuous over 

at least a major portion of the length of the 
body formed by a composition comprising the 
cured reaction product of 100 parts of a 85 
cycioaliphatic epoxy resin, 40 — 250 parts of 
an acidic hardener therefor and an effective 
amount of an accelerator and, dispersed in the 
said reaction product 50 — 400 parts of a 
mineral filler having a Moh's hardness in the 90 
range 1.8 — 7.8 substantially wholly in the 
form of particles not greater in any dimension 
than 80 micrometers and 10 — 100 parts of 
a low-friction fluorocarbon polymer. 

3. An insulator as claimed in Claim 2 in 95 
which the said mineral filler consists of silica 
flour, calcite, Gibbsite, Periclase, an insulat- 
ing grade of clay, or a grade of Bauxite having 

a Moh's hardness of at least 1.8. 

4. An insulator as claimed in any one of 100 
the preceding claims in which the said mineral 
filler has a maximum particle size not greater 
than 50 micrometers. 

5. An insulator as claimed in Claim 4 in 
which the maximum particle size is substan- 105 
tially 50 micrometers and a high proportion 

of tie particles are much smaller. 

6. An insulator as claimed in any one of the 
preceding Claims in which the said fluoro- 
carbon polymer is polytetrafluoroethylene. 110 

7. An insulator as claimed in Claim 6 in 
which the said polytetrafluoroethylene is of 
a fine dispersion grade. 

8. An insulator as claimed in any one of 

the preceding claims in which the said acidic 115 
hardener is an anhydride of a dicarboxylic or 
polycarboxylic acid. 

9. An insulator as claimed in any one of 
the preceding claims in which the said 
hardener comprises at least 5 parts per 120 
hundred parts of epoxy resin of an anhydride 

of an acid having a functionality of at least 3. 

10. An insulator as claimed in Claim 9 
in which the said anhydride is polyazelaic 
polyanhydride. 125 

11. An insulator as claimed in Claim 9 in 
which the said anhydride is a Diels-Alder 
adduct of formula 
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where R is H or methyl, m is 6 or 7 and n 
is 5 or 6. 

12. An insulator as claimed in any one of 
5 the preceding claims in which the accelerator 

is stannous octoate. 

13. An insulator as claimed in Claim 12 in 
which the amount of accelerator is in the range 
0.05 — 1 part per hundred parts of the cyclo- 

10 aliphatic epoxy resin. 

14. An insulator as claimed in any one of 
Claims 1 — 11 in which the accelerator is of 
the polyol type. 

15. An insulator as claimed in Claim 2 in 
15 which the said resin composition forming the 

said area of the exposed resin surface has the 
composition hereinbefore described as a pre- 
ferred composition. 

16. An insulator as claimed in any one of 
20 the preceding claims wherein the said elon- 
gate body is reinforced by at least one pre- 
formed resin-bonded glass fibre rod. 

17. An insulator as claimed in any one of 
the preceding claims in which, apart from the 

25 fibres of high tensile strength that reinforce 
it, the whole of the resin body has the com- 
position (comprising cycloaliphatic epoxy 
resin, filler and fluorocarbon polymer) speci- 
fied in that one claim. 

30 18. An insulator as claimed in any one of 
the preceding claims and substantially as 
hereinbefore described with reference to 
Figure 1 and any one of Figures 2 — 4 of the 
accompanying drawings. 

35 19. An insulator as claimed in any one of 
Claims 1 — 16 and substantially as herein- 
before described with reference to Figures 1 
and 5 of the accompanying drawings. 

20. An insulator as claimed in any one of 
40 Claims 1 — 17 and substantially as hereinbefore 

described with reference to Figure 6 and any 
one of Figures 7 — 9 of the accompanying 
drawings. 

21. An overhead supply system for electric 
45 traction comprising at least one contact wire 

and, directly inserted in the said contact wire 
a section insulator comprising an elongate 
body of synthetic resin, reinforced with glass 
fibres or other fibres of high tensile strength, 
50 having substantially the whole of its exposed 
surface formed of one or more than one com- 
position based on a cycloaliphatic resin cured 



with an acidic curing agent and having a 
running surface that is continuous from end to 
end over at least a major portion of the length 55 
of the body and is formed by a composition 
comprising the cured reaction product of 100 
parts of a cycloaliphatic epoxy resin, 40 — 250 
parts of an acidic hardener therefor and an 
effective amount of an accelerator and, dis- 60 
persed in the said reaction product 50—400 
parts of a mineral filler substantially wholly 
in the form of particles not greater in any 
dimension than 80 micrometers and 10 — 100 
parts of a low-friction fluorocarbon polymer. 65 

22. An electric traction system comprising 
at least one vehicle constrained to move in a 
predetermined path (or in one of a plurality of 
predetermined paths) and having a carbon 
pick-up shoe, at least one contact wire for 70 
supplying electric current to the said shoe and, 
direcdy inserted in the said contact wire a 
section insulator comprising an elongate body 

of synthetic resin, reinforced with glass fibres 
or other fibres of high tensile strength, having 75 
substantially the whole of its exposed surface 
formed of one or more than one composition 
based on a cycloaliphatic resin cured with an 
acidic curing agent and having a running sur- 
face for engagement with said shoe that is 80 
continuous from end to end over at least a 
major portion of the length of the body and 
is formed by a composition comprising the 
cured reaction product of 100 parts of a 
cycloaliphatic resin, 40 — 250 parts of an 85 
acidic hardener therefor and an effective 
amount of an accelerator^ and dispersed in the 
said reaction product 50 — 400 parts of a 
mineral filler having a Moh's hardness in the 
range 1.8 — 7.8 substantially wholly in the 90 
form of particles not greater in any dimension 
than 80 micrometers and 10 — 100 parts of a 
low-friction fluorocarbon polymer. 

23. A system as claimed in Claim 21 or 
Claim 22 in which the said section insulator 95 
is in accordance with any one of Claims 3 — 17. 

24. A system as claimed in Claim 21 or 
Claim 22 in which the said section insulator is 
in accordance with any one of Claims 18—20. 

25. A method of making an insulator in 100 
accordance with any one of Claims 1 — 17 
comprising vacuum-casting the resin com- 
position (comprising cycloaliphatic epoxy 
resin, filler and fluorocarbon polymer) speci- 
fied in that one claim direcdy upon the fibres 105 
of high tensile strength and removing a resin- 
rich surface layer from the said area of the 
exposed resin surface. 

26. A method as claimed in Claim 25 in 
which the. said resin-rich surface layer is 110 
removed by abrasion. 

27. A method as claimed in Qaim 25 or 
Claim 26 in which the fibrous reinforcement 
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consists of one or more than one preformed 

resin-bonded fibreglass rod comprising secur- R. F. TARBOX, 

ing metal end-fittings to the said rod after Agent for the Applicants, 
the said resin composition has been cast on 38 Wood Lane, 

the central part thereof. London WI2 7DX. 
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